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Abstract. Numerous researchers have made a few models dependent on soft set, to tackle issues in decision 
making and clinical analysis, yet a large portion of these models manage one expert. This causes an issue with 
the clients, particularly with the individuals who use polls in their work and studies. Accordingly we present 
another model i.e. fuzzy hypersoft expert set which not just addresses this constraint of fuzzy soft-like models 
by accentuating the assessment, all things considered, yet additionally settle the deficiency of soft set for disjoint 
attribute-valued sets comparing to distinct attributes. In this study, the existing concept of fuzzy soft expert 
set is generalized to fuzzy hypersoft expert set which is more flexible and useful. Some fundamental properties 
(i.e. subset, not set and equal set), results (ie. commutative, associative, distributive and D Morgan Laws) 
and set-theoretic operations (i.e. complement, union, intersection AND, and OR) are discussed. An algorithm 


is proposed to solve decision-making problems and is applied to select the best product. 


Keywords: Soft Set; Fuzzy Soft Set; Fuzzy Soft Expert Set; Hypersoft Set; Fuzzy Hypersoft Expert Set. 


1. Introduction 


Zadeh initiated fuzzy set theory as a basic model to tackle uncertainties in the data. 
Molodtsov presented soft set theory that is supposed to be a new parameterized class of 
subsets of the universe of discourse, which addresses the inadequacy of fuzzy set-like struc- 
tures for parameterization tools. It has helped the researcher (experts) to resolve efficiently the 
decision-making problems involving vagueness and uncertainty. The researchers studied 
and broadened the concept of soft set and applied to different fields. The gluing concept of 
soft set with expert system initiated by Alkhazaleh et al. to emphasize the due status of 


the opinions of all experts regarding taking any decision in decision-making system. Al-Quran 
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et al. proposed neutrosophic vague soft expert set theory, Alkhazaleh et al. charac- 
terized fuzzy soft expert set. and its application. Bashir et al. presented possibility 
fuzzy soft expert set and fuzzy parameterized soft expert set. Sahin et al. investigated 
neutrosophic soft expert sets. Alhazaymeh et al. studied mapping on generalized vague 
soft expert set and generalized vague soft expert set. Alhazaymeh et al. explained the 
application of generalized vague soft expert set in decision making. Hassan et al. reviewed 
Q-neutrosophic soft expert set and its application in decision making. Ulucay et al. stud- 
ied generalized neutrosophic soft expert set for multiple-criteria decision-making. Al-Qudah et 
al. explained bipolar fuzzy soft expert set and its application in decision making. Al-Qudah 
et al. investigated complex multi-fuzzy soft expert set and its application. Al-Quran et 
al. presented the com-plex neutrosophic soft expert set and its application in decision 
making. Pramanik et al. studied the topsis for single valued neutrosophic soft expert 
set based multi-attribute decision making problems. Abu Qamar et al. investigated the 
generalized Q-neutrosophic soft ex-pert set for decision under uncertainty. Adam et al. 
characterized the multi Q-fuzzy soft expert set and its application. Ulucay et al. presented 
the time-neutrosophic soft expert sets and its decision making problem. Al-Quran et al. 
studied fuzzy parameterised single valued neutrosophic soft expert set theory and its applica- 
tion in decision making. Hazaymeh et al. researched generalized fuzzy soft expert set. 
There are many real life scenarios when we are to deal with disjoint attribute-valued set for 
distinct attributes. In 2018, Smarandache addressed this inadequacy of soft with the 
development of new structure hypersoft set by replacing single attribute-valued function to 
multi-attribute valued function. In 2020, Saeed et al. extended the concept and dis- 
cussed the fundamentals of hypersoft set such as hypersoft subset, complement, not hypersoft 
set, aggregation operators along with hypersoft set relation, sub relation,complement relation, 
function, matrices and operations on hypersoft matrices. In the same year, Mujahid et al. 
discussed hypersoft points in different fuzzy-like environments. In 2020, Rahman et al. 
defined complex hypersoft set and developed the hybrids of hypersoft set with complex fuzzy 
set, complex intuitionistic fuzzy set and complex neutrosophic set respectively. They also 
discussed their fundamentals i.e. subset, equal sets, null set, absolute set etc. and theoretic 
operations i.e. complement, union, intersection etc. In 2020, Rahman et al. conceptualized 
convexity cum concavity on hypersoft set and presented its pictorial versions with illustrative 
examples. Recently the researchers investigated on the theory of hypersoft set and 
developed certain its hybrids with discussion and applications in decision making. 

Dealing with disjoint attribute-valued sets is of great importance and it is vital for sensible 
decisions in decision-making techniques. Results will be varied and be considered inclined 


and odd on ignoring such kind of sets. Therefore, it is the need of the literature to adequate 


Muhammad Ihsan, Atige Ur Rahman and Muhammad Saeed, Fuzzy Hypersoft Expert Set with 
Application in Decision Making for the Best Selection of Product 


Neutrosophic Sets and Systems, Vol. 46, 2021 


the exiting literature of soft and expert set for multi-attribute function. Having motivation 
from [10}- [79], new notions of fuzzy hypersoft expert set are developed and an application is 
discussed in decision making through a proposed method. The pattern of rest of the paper 
is: section 2 reviews the notions of soft sets, fuzzy soft set, fuzzy soft expert set, hypersoft 
set and relevant definitions used in the proposed work. Section 3, presents notions of fuzzy 
hypersoft expert set with properties. Section 4, demonstrates an application of this concept 


in a decision-making problem. Section 5, concludes the paper. 


1.1. Motivation 


The novelty of fuzzy hypersoft expert set (FHSE-set) is as: 
e It is the extension of soft set, fuzzy soft set, soft expert set and fuzzy soft expert set, 
e It tackles all the hindrances of soft set, fuzzy soft set, soft expert set and fuzzy soft 
expert set for dealing with further partitions of attributes into attribute-valued sets, 
e It facilitates the decision-makers to have decisions for uncertain scenarios without 


encountering with any inclined situation. 


2. Preliminaries 


In this section, some basic definitions and terms regarding the main study, are presented 


from the literature. 


Definition 2.1. 
Let P(Q) denote power set of Q(universe of discourse) and F' be a collection of parameters 


defining 9. A soft set M is defined by mapping 
UV: F > P(Q) 
Definition 2.2. Suppose Q be a set of universe, while F is a set of parameters. Here I® 


represents the power set of all fuzzy subsets of Q. Let C C F. A pair (R, F) is called a fuzzy 
soft set with R is a mapping given by 


R:C 312 


Definition 2.3. 
The union of two soft sets (V1, A1) and (W2, Az) over 2 is the soft set (W3, A3) ; Ag = A1U Aa, 
and V € € As, 


U1 (€) ;€ € Ay — Ag 
W3(€) = Wo(€) ;€€ Ap— Ay 
W1(€) U Wo(€) ;€€ AN As 
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Definition 2.4. 
The extended intersection of two soft sets (V,, A) and (W2, Ag) with 2 is the soft set (W3, Az) 
while A3 = A; U Ag, ; € € As, 


Wi (€) ;€ € Ay — Ag 
W3(€) = Wo(€) ;€€ Ag— Ay 
Wi (€) U Wa(€) ;€€ ANA 


Definition 2.5. 
Assume that Y be a set of specialists (operators) and O be a set of conclusions, T = F x Y x O 
with S C T where 2 denotes the universe , F' a set of parameters. A pair(®, 5’) is known as a 


soft expert set over Q, where H is a mapping given by 


®: 5 > P(Q) 


Definition 2.6. 

A (®1,S) C (®, P) over Q, if 

Gi) SCP, 

(ii) Va € S,®1(a) C ®o(a). 

While (®2, P) is known as a soft expert superset of (®,,S). 


Definition 2.7. A pair (H,C) is called a fuzzy soft expert set over 92 where F is a 
mapping given by 


H:c3 I 


where I® the set of all fuzzy subsets of 2. 


Definition 2.8. 

Let hy, ho, hz,.....,2m, form > 1, be m distinct attributes, whose corresponding attribute 
values are respectively the sets H), Ho, H3,......Hm, with H; H; =, for i # j, and i,j € 
{1, 2,3, ...,m}. Then the pair (V,G), where G = H; x H2 x H3x..... x Hm and UV: G > P(Q) 
is called a hypersoft Set over 2. 


Definition 2.9. 

Let [y,T2,13,...Pm be disjoint attribute-valued sets for m distinct attributes . A pair (®,T) 
is called fuzzy hypersoft set over 2 with I is the cartesian product of T;,7 = 1, 2,....,m, and 
®:T > P(Q). In general, ®(a) = {(2, ®(a))(x)/x € Q};a ET. Here P(Q) is the collection 


of all fuzzy sets. 
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3. Fuzzy Hypersoft Expert set (FHSE-Set) 


Definition 3.1. Fuzzy Hypersoft Expert set (FHSE-Set) 
A pair(€,S) is known as a fuzzy hypersoft expert set over |], where 


é:S5 


where 


e IU is collection of all fuzzy subsets of [] 

eSCH=GxDxC 

eG=G X Go xX G3 xX .... X Gy where Gj are disjoint attributive-valued sets corresponding 
to distinct attributes g;,7 = 1,2,3,...,p 

e D be a set of specialists (operators) 


e C be a set of conclusions. 


For simplicity, C = {0 = disagree, 1 = agree}. 


Example 3.2. Suppose that a multi-national company aims to proceed the valuation of certain 
specialists about its certain products. Let ][ = {m1,me2,mg3,ma4} be a set of products and 
Gi = {q1, 2} 
Go = {4921, 922} 
G3 = {4931, 932} 
be disjoint attributive sets for distinct attributes g;= simple to utilize, qa= nature, gg= modest. 
Now 
G=G x Go x G3 
M1 = (G11, 921, 931), H2 = (411, G21, 932), M3 = (G11, 922, 931), Ma = (911, 422; 932), 


G= 
M5 = (G12, 921, 931), 6 = (912, 921, 932), 7 = (G12, 922; 931), Ls = (412, 922, 932) 


Now H=GxDxC 
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let 
(141, 8,0), (u1, 8,1), (ui, t, 0), (ua, ¢, 1), (ua, u, 0), (ua, u, 1), 
S= 4 (H2, 5,0), (Ha, 8,1), (M2, t,0), (ua, t, 1), (ue, u, 0), (ue, u, 1) 
(13, 8,0); (M3, 8,1), (ua, t,0), (us, t, 1), (us, u, 0), (u3,u, 1), 
be a subset of H and D = {s,t,u,} be a set of specialists. 


Following survey depicts choices of three specialists: 


£1 = (ui, 8,1) = {Bh BB BE HY, Ea = E(t 1) = {BA BS BE Ba} 
& Sf iit) = {Pei oe gaat = E(la.8,1)= (Feroan oes 
és = €(ua,t,1) = (Th oF oa oat? &o = €(uo,u,1) = {34,03 08 OSS 
& = €(u3, 8,1) = {93> 08 a OBS > & = €(ua,t 1) = {at oe oF OS 
foe (3,1) = {irs oak urine hs fio £75 8,0) Shar gaveas ot 
E11 = E(ur, t, 0) = {h, 2, MB, MAY G12 = €(u1,U,0) = {3d Ot 05) OSs 
£13 = E(p2, 8,0) = {7,22 ma ma G14 = E(u2,t,0) = {54> 03 08 O4s 
f15 = €(u2,U,0) = {ag oF O87 Os f16 = €(u3, 8,0) = {ot oad ar ot 
€17 = €(us,t, 0) = 155) 09 O87 OSS > fg = €(plg;t,0) =4 Gar oe oes any) 
The fuzzy soft expert set can be described as 

(11, 8)1), {03> oF OS) ots) > (Hast, 1), Lod OS Oa OBS) » 

((1, 4,1), {oes oS) oes OSS)» (Cas 8,1), 15d) Od OF OS) 

(u2,t1), {54> O8> O9> O25) > ((H2s% 1), {FS a3 08 Oas)» 

((u3, 9,1), {03> 09> od OSS)» (Hast 1), {oa oe oF 09S)» 
(6S) =) ((u3,u,1), Lar od 8 o2s) > (1,80), Log) Od) Oa OS)» 

((11,t,0), {ats a8 O8 o ) (C41, 4,0), {03> of 08) 085) » 

((H2, 8,0), { Ge) od) 08) OFS) + ((H2,t,0), (74) OF) 08> OAS)» 

((u2,u,0), {53> OF) o> 4 ), (Cus, 8,0), {ot OF) OF o8s) + 

((u3, #0), {35> 58> OS) OSS) » (ua, %0), {Fos OS) Oe OTs)» 


Definition 3.3. Fuzzy Hypersoft Expert subset 


A hypersoft expert set (£1,S) is said to be fuzzy hypersoft expert subset of (2, R) over [], if 
()SCR, 

(ii) Va €S,&(a) € &(a). 

and denoted by (&,S) € (2, R). Similarly (€2, R) is said to be fuzzy hypersoft expert superset 
of (€1,S ). 


Example 3.4. Considering Example [3.2| Suppose 


Ay = { (141, 8, 1), (U3, 8,0), (t1,t, i); (3, t, I); (3, t, 0), (41, u, 0), (fat i) 


Ag = { (141, 5, 1}, (443, 5,0), (113, 5, Lj; (iist, 1), (113, t, Ls (441, t, 0), (103, t, 0), (141, u, 0), (13, U, 1), (141, U, 1) 
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It is clear that A, C Ag.Suppose (£1, A1) and (€ 2, Ag 
(ae s,1), { m4, 3 qi? OL ) ) ((u1,t, 1), 


be defined as following 


mi m2 m3 ma 
3 , 


) 
{53> 03> OS oF 
(1,Ay) ad (Met). 102 08> 06> o8}) (Hs. 1), 106) 03> 0a OTF)» 
(1, 4,0), { $4, GF, BH, BHT) » (Cus, 8,0), (FF, BF, Bs BEY) » 
((us:t,0) {8s 88, Bs BBP) 
((u1,8)1), (B, BF Es HY) » (Coa. ts1), {Bh Bs BP BHD) 
((Hs;9,1), (55, 78, 8 Se} (Cot DA, ee Be) 
(62,0) =9 ((mast 1), {G4 32 OS) SH)» (Cus. 1), (GF, OF Oe OSH)» 
(1, 4,0), {FS BE) Bo OSH) > ((a1, 2,0), {FE OS, BE) OSH) > 
(is, 9,0), {54,54 TE))  ((4a,t,0), {Foes oe Bah) 


0.4 
which implies that (€1,A1) C (2, Ag). 


Definition 3.5. Two fuzzy hypersoft expert sets (€;,A1) and (£2, A2) over [| are said to be 
equal if (€;, A1) is a hypersoft expert subset of (£2, A2) and (£2, Az) is a fuzzy hypersoft expert 
subset of (£1, A1). 


Definition 3.6. Let G be a set as defined in definition [3.1] and D ,aset of experts. The NOT 
set of H = G x D x C denoted by ~ H, is defined by ~ T = {(~ gi, dj, cx) Vi, j,k} where ~ gj 


is not g;. 
Definition 3.7. The complement of a fuzzy hypersoft expert set (€,S), denoted by (€,S)°, is 
defined by (€,S)* = (€°, ~~ S) while €° : ~ S > P([]) is a mapping given by €°(6) = [] —€(~ 8), 


where 6 E~ S. 


Example 3.8. Taking complement of fuzzy hypersoft expert set determined in B.2] we have 


((~ 41, 8,1), {om od a8) O93) ((~ 6), Cr od oe oat)» 
((~ oat, 1)s {05+ 03> Od» OFS)» Cw Ha), {Gas od 06 OSS)» 
((~ 43,01), {06> od 08 o1s) > ((~ Hs.) {os OF O87 OBS) > 
((~ H2,8,1), Lot 08) 08) oF) ((~ Hats 1), Lo OF oF Oss) 
(ES) = ((~ Hau 1), 155) oF Od OSS) > (Cr 115 9,0), {oF OF OE OOS)» 
((~ 41,6.) Lad of ob ots)» ((~ 41%), (oe OS OF OSS) > 
((~ 43, 8,0), {a> oe) o> os) ((~ H35t,0), {oa oF od OTs)» 
((~ (us, 4,0), {G3 oF ob oot) ((~ Ha, 8,0), 155) OF OS OSS) + 
((~ H2,t,0), {03> 08) ot ods >) ((~ H2,%,9), {ad od oF Oss) 


Definition 3.9. An agree-fuzzy hypersoft expert set (€,S)ag over [], is a fuzzy hypersoft 
expert subset of (€,S) and is characterized as 
(€,S)ag = {ag(8) : BE Gx Dx {1}}. 
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Example 3.10. Finding agree-fuzzy hypersoft expert set determined in 3.2] we get 
((41,8,1), (03; oF of ott) ((east 1), {od Oa) Oa OSS)» 


( 

(en 451), (BF 08> OSs OSS) > (C381), (FE, 38 Ob OSH)» 
(( 

(( 


(€,S) = my m2. m3 m4 my m2 m3 M4 
H3,t,1), 154 oe OF? 09 ) (Cus, u, 1), 107) 03708) 02 ); 
Os) (povor arns) Aes aeeot ae oe)) 


be 


Definition 3.11. A disagree- fuzzy hypersoft expert set (€,S)qag over [[, is a fuzzy hypersoft 


expert subset of (€,S) and is characterized as 


(€,S)dag = {Eaag( 8) : B €GxDx {O}}. 


Example 3.12. Getting disagree-fuzzy hypersoft expert set determined in 8.2] 


((u1, 8,0), Tekue att Mg (1, t, 0), cee eoeor roe iF 


41,4, 0), {G3 Ga on? Of) > ((H3, 8,0), {Gt oa oF OS)? 


( 
( 
(u3,t,0),4 93> 09 087 03 Seer ce mg ey 
( 
( 


Proposition 3.13. If (€,S) is a fuzzy hypersoft expert set over ||, then 


(1). ((€,S))° = (€,S) 
(2). (&; S)ag = (g; S) dag 
(3 ). (&, S)iag = (e, S)ag 


Definition 3.14. The union of (€1,S) and (2, R) over |] is (€3, L) with L = SUR, defined as 


&1(6) -BES-—R 
&3(B) = £9(8) -BER-S 
£1(8) U &2(8) ;BESNR 


Example 3.15. Taking into consideration the concept of example [3.2| consider the following 


two sets 


Aj = { (141, 8, 1), (u3, 8,0), (p11, t, 1), (143, t, 1), (113, t, 0), (p11, u, 0), (143, U, 1) 


A2 a { (Hi, 5, I); (U3, s,0), (U3, 8, 1), (1, t, 1), (3, t, 1), (1, U, 1), (u3, t, 0), (41, u, 0), (U3, U, 1), (1,,0)} 


Suppose (€;, A;) and (£2, Az) over [| are two fuzzy hypersoft expert sets such that 


25 
(41, 8,1), {ot 08 od ots) > ((Ha,t 1), {03> 08 OF Ot) » 
{3 


Ces, Ag) =) (ost, BE BE BBD) + (iss 1) CBS, BB, BB BED) 
eth 0), (Za, m2, ma, ma V5 (3, 8, 0), {ms , ma m3, may. 
((13,t,0) { 4, 2, a, m4}) 
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M1,5,14), 0.2° 0.7 0.5" 0.1 > \QH1,6, 4), Gi) get on? Oo ’ 
(( 1) { wa m2 m3 4 }) (( t 1) { uu m2 m3 m4 }) 
((u3, 8,1), {h, 2, Me, MAb) | (ug, t, 1), {, me, me, mal), 
(€2, Ao) = (1, u, 1), {eH He, A), (ug, wu, 1), { e, HR, MB, A) 
((u1,u,0), {Hs 2, ee ML) (1, t,0), (ee, mh) 
((u3, 8,0), {§t> Oa) OF OSS) > ((H3,#,0), (Fd) G3 Oe 03S) 
( ) 
Then (£1, Ai) U (€2, A2) = (3, As 
((u1, 8,1), {Fo Fe, oe th) (DS, Sh), 
((u3, 8,1), {s, 7B, eh) (yg, t, 1), (ee ah) 
(€2, Ao) = ((ui,u, 1), {Hb 2, a MAL) (yz, u, 1), {Me We, we mah) 
((u1, u, 0), { b, 2, a, Meh) | (yr, ¢,0), { , we, a, eh) 
((u3, 8,0), {§t> oa OF OS) > ((H3,t,0), {Fd Go Oe OSS) 


Proposition 3.16. If (€, A1),(&2, A2) and (&3, A3) are three fuzzy hypersoft expert sets over 
LL then 


(1). (€1, Ai) U (€2, Ae) = (€2, Ao) U (€1, Ar) 
(2). ((&1, A1) U (2, A2)) U (€3, As) = (€1, A1) U ((€2, Az) U (€3, As) 


Definition 3.17. The intersection of (€1,S) and (£2, R) over [| is (€3,L) with L =SOR, 
defined as 


£1(8) ;BES-R 
&3(8) = £9(8) ‘teh s 
(8) &(8) ;B8ESNR 
Example 3.18. Taking into consideration the concept of example [3.2| consider the following 


two sets 
Ay = { ( ie, 1), (3,5, 0); (u1, t, 1), (3, t, 1); (3, t, 0), (1, u, 0), (3, U, )} 


A2 = { (H41, 5, i, (U3, 5, 0), (U3, 8, I), (141, t, 1); (U3, t, 1), (441, t, 0), (U3, t, 0), (141, U, 0), (U3, U, 1), ’ (H41, U, 1) 
Suppose (£1, Ai) and (£2, Ag) over J] are two fuzzy hypersoft expert sets such that 


((u158)1), (Bt, Be, Bb BEY) » (Coa. ts1), {Bh Be, Be BED) 
aA ((ua,t,1), (G5) Go) Ge OSS)» (Hs, 4, 1), {FS TS Oa Ot)» 
((i11, 450), {Gs Obs OS Od }) » ((H3»8,9), {0 03> 08 OF}) > 
((u3,t,0) { $t> od OF 02S) 
((ua, 8,1), (53, 0% OE Ot}) (Ct), (SE TB ob OSH) 
(us, 8,1), {B, Be, Be, Beh) (Cus, t 1), (Bh Be, Be, aD), 
(Ba. (ast) | Pegs gay ua) 9 ae Dy ee ga ges oe 
(1st 0), {hs a, Ga) s (st 0), aa aR, OR, a) 
((H3, 8,0), {Rts Bhs OF) OSH)» ((u35t0), (FE, 88) Be OSS) 
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((u1, 8,1), (2b, BR, BS, MY) , (tert, 1), {BE MZ, ME, BAH), 

(€3, A3) -_ (us, t, 1), Lae om oe ne }) ’ ((u3, u, 1), { 7, ie ioe 74 b) ‘i 
(1, u, 0), {oe a1) ee ib) ; (43, 8,0), {oe a3 76) ia b) : 
((us,t,0) {Ft FS, oe, Bs) 


Proposition 3.19. If (€, A1),(&2, A2) and (&3, A3) are three fuzzy hypersoft expert sets over 
IL then 


(1). (€1, Ar) M (€2, A2) = (€2, Aa) A (£1, Ar) 
(2). ((€1, A1) M (€2, A2)) A (€3, As) = (£1, Ar) 9 ((€2, Az) A (3, As)) 


Proposition 3.20. If (€, A1),(&2, A2) and (&3, As) are three fuzzy hypersoft expert sets over 
LL then 


(1). (€1, Ai) U ((€2, Ae) M (€3, A3)) = ((€1, Ar) U ((€2, A2)) 9 ((&1, A) U (€3, A3)) 
(2). (€1, A1) M ((€2, Aa) U (3, As)) = ((€1, Ai) 9 ((€2, A2)) U ((€1, Ar) M (Es, As)) 


Definition 3.21. If (€;,A1) and (£2, Ag) are two fuzzy hypersoft expert sets over [| then 
(€1, A1) AND (€2, Az) denoted by (1, A1) A (£2, Ag) is defined by 

(1, A1) A (2, Aa) = (£3, Ai x Aa), 

while €3(8, 7) = (8) M &2(7), V(B, y) € Ai x Ap. 


Example 3.22. Taking into consideration the concept of example [3.2| let two sets 
Ay = { (u1,8,1), (H415t, 1), (43, 8,0) } 


Ao = { (141, 8, 1). (113, 8,0)} 
Suppose (€;, A;) and (£2, A2) over J] are two fuzzy hypersoft expert sets such that 
a (441, 8, 1), ats gee oes or ), (Gas t,1), Tee uetoee un ), 
(€1, At) = m1 ma m3 4 
’ ((u3, s,0), {m., 0.3° 0.6” ra} 
(62, A2) ={((ta. 8,1). BB BB BEY) 
Then (£3, Az) A (£2, A2) = (£3, Ai x Aa), 


(((H1, 8, 1), (wi, 8,1), { Fh, OF o> oth), 

(((ua,#, 1), (ua, 8,1), {3, F, T, tH) 

A Ao) = (Gia), (pis; 8,0)) 1 es Bes aes get) 
(3, A1 x Ag) = mi mz m3 m4 

(((1, 8,1), (u3,8,0)), {b, M2, MS, MAb) , 

(((u3, 8,0), (41,8, 1)), { Mh, Fe, MS, Beh), 

(((43, 8,0), (43, 8,0), {, M2, me, mah) 
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Definition 3.23. If (€;,A1) and (£2, Ag) are two fuzzy hypersoft expert sets over [] then 
(€;, A1) OR (£2, Ag) denoted by (€, Ai) V (€2, A2) is defined by 

(£1, A1) V (2, Aa) = (€3, Ar x Ag), 

while €3(8, y) = (8) U (7), V(B, 7) € Ai x Ap. 


Example 3.24. Taking into consideration the concept of example [3.2| suppose the following 


sets 
Ay = { (tay 8; 1), last, 1); (113, 8,0)} 


Ay = { (11,8, 1), (13, 8,0)} 
Suppose (£1, Ai) and (£2, A2) over [|] are two fuzzy hypersoft expert sets such that 
ean ={ ((1a, 8,1), {85 GBs Bibs OAS) (at), (03 88> OB Ob) 
((H3,,0), {hts 03> 08 OFS) 
(€2,A2) ={ (i. 8, 1), {85 8 OB BED 
Then (3, A3) A (€2, A2) = (€3, Ai x Ag), 


rer ~~ 
—m 
z 

w 

LD 

j=) 
" 
rsa 
=| 
Ble 
fos) 
ak 
niles 
ale 
—— 
a 

a) 


3 


Hl 


m2 m3 m4 

( Vel oti oes oe ot 

(((u1,t, 1), (ua, 8, 1)), {@, 3, BH), 

A As) = (((H1, 2,1), (ua, 8,0), {Gt Od) Oa OLS)» 
(£3; 1X 2) = ( my m2 m3 m4 

((u1, 8,1), (ug, 8,0)), {T4, 72, Fe oth), 

(G38, 0), (ua, 81) oes ees gay) 

(((u3, 8,0), (u3,8,0)), {Sts oF) oe oF }) 


Proposition 3.25. If (€, A1),(&2, A2) and (&3, A3) are three fuzzy hypersoft expert sets over 
LL then 

(1). ((€1,A1) A (€2, A2))° = ((€1, Ar))° V ((€2, Aa))° 

(2). ((€1, A1) V (€2, A2))° = ((€1, Ai))° A (2, Aa))? 


Proposition 3.26. If (€, A1),(&2, A2) and (&3, A3) are three fuzzy hypersoft expert sets over 
LL then 


(1). ((€1, Ar) A (€2, A2)) A (€3, As) = (€1, Ai) A ((€2, Aa) A (£3, As) 
(2). ((€1, A1) V (€2, Aa)) V (3, As) = (€1, Ai) V ((€2, Az) V (£3, As) 
(3). (1, A1) V ((€2, Az) A (€3, As) = ((&1, Ar) V ((€2, A2)) A ((€1, Ar) V (&3, As) 
(4). (€1, A1) A ((€2, Az) V (€3, As)) = ((€1, A) A ((€2, Aa) V (£1, Ai) A (€3, As) 


4. An Applications to Fuzzy Hypersoft expert set 


In this section, an application of fuzzy hypersoft expert set theory in a decision making 
problem, is presented. 
Statement of the problem 


Mr. John wants to purchase a mobile from a mobile market for his personal use. He takes help 
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from his some friends (Stephen, Thomas and Umar) who have expertise in mobile purchase. 
Proposed Algorithm 
The following algorithm is adopted for this selection (purchase). 


(1). Construct fuzzy hypersoft soft expert set (€, kK), 
(2). Determine an Agree-fuzzy hypersoft expert set and a Disagree-fuzzy hypersoft expert 


set, 
(3). Compute dj= )°, qj for Agree-fuzzy hypersoft expert set, 
(4). Determine fi= )0, cj for Disagree-fuzzy hypersoft expert set, 
(5). Determine g; = d; — f; for Agree-fuzzy hypersoft expert set, 
(6). Compute n, for which p,= max p; for Agree-fuzzy hypersoft expert set, 
Step-1 


Let eight categories of mobile are there which form the universe of discourse Q = 
{c1, C2, C3, C4, C5, C6, C7,Cg} and X = {F, = Stephen, Ez = Thomas, E3; = Umar} be a set 
of experts for this purchase. The following are the attribute-valued sets for prescribed at- 
tributes: 
Ly = Brand = {h, lo} 
lg= Privée = {lg, la} 
L3 = Colour = {ls, le} 
L4 = Memory = {lz, lg} 
Ls = Resolution = {l9, lio} 
and then 
L=T1, x Le x Lg x Lg x Ls 

(11, 13, U5, l7, lo), (la, d3, ds, d7, lio), (li, Us, ds, dg, do), (d1, U3, Us, dg, l10), (1, €3, le, b7, Io), 
li, 13, 06, la, lio), (la; la, ts, U7, 9), (d1, ta, bs, 27, lao), 
ly, 14, 16,7, 19), (da, la, le, !7, bio), (da, Ua, le, ds, U9), 
( 
( 
( 


ly, l3, 06, ¢7, tio), (41, U3, U6, ts, lo), ), (a 
) (4 

Ig, 13, 5, 17, lio), (12, 13, ds, ts, 9), (ta, 03, bs, Is, tio), 
), (le 
) 


) 

) 

ly, U4, bs, 0g, ¢9), (li, da, ds, dg, t10), 

ly, 14, U6, lg, l10), (le, ds, ds, l7, lo), 
), (La, ls, le, Ug, lo), (la, Us, le, lg, lio), (le, la, ds, 17, lo), 
)s (la, la, ts, ls, tio), (la, ba, le, 17,19), (le, la, te, !7, d10), 
) 


ee 


( 

(dy 
L= (ly 

(2, 13, le, t7, lg), (la, €3, le, bz, bio), 

(lo, la, ts, l7, bio), (la, ba, ts, ls, U9), 


(12, la, le, lg, lg), (da, la, be, lg, bro 
and now take K C H as 


ae ky = (h, ls, ls, 17,9), ko = (hi, ls, le, bz, tio), k3 = (h, la, le, Is, Ig), 
ka = (lo, 13, 16, Ig, 19), ks = (la, la, le, Iz, io) 


and 
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((k1, 1,1), {55) Fe 55) 55> OS) (Cha, Ba, 1), {oe 54) TR OSS)» 
((h1, 23,1), (O75 08 OT OS? OF OF )((ke, B 1), {a3 5603 OTS) 
((ko, £251), (55) 58 OB OT Oo OTS) > (Che, B3, 1), { 5, FF Oh OT OF TDS) 
((k3, Fi, 1), {ob: Oe: OL OG S) > (Cha, Be, 1), 03) 07) 08 OL i 
((ks, 23,1), {obs oy OF STS) > (Cha, Ha, 1), (oa 57 TRH)» 
((ka, Eo, 1), {&, 4, SS, 3), (ks, Es, 1), TTR RAC IRTEE TR ., 
((ks, 2151), { 55) 55) oo) 05> OF OBS) » (C5, Ba, 1), {Ty TH FB TS OSS)» 
(é,K)= (5,73, 1){5.2 4565 & BS ie ((k1, £1, 0), Tey ee iF 
((k1, Ba, 0), {S31 Go) OF OF 08 )s ((k1, £3, 0) {on O38 i? 
((ko, 21,0), (o4) 5%> 03) OF OSS) > ((k2, 2,0), (55 ah) > 
((ko, 23,0), {oa 55> O49) 5B ob ODS) > ((ks, B10), {oe FF TH TSS)» 
(hj 290) Cpa nee oe) 1 k3, E3,0) 55) 07) 08 01? 55 yy 
((ka, £150), { 55) 53> OF) 5S) OF OAS) » (Cha, Be, 0), (53 oF 5S OS)» 
((k4, £3,0), tow 07> 08 OT 4 ((k5, £1, 0) Agen 07 ae 
((k5, £2, 0) 107705701702 ) ((ks, £3, 0) 102? aan es 
is a fuzzy hypersoft coer set. 
Step-2 


Table 1 presents an Agree-fuzzy hypersoft expert set and table 2 presents a Disagree-fuzzy 


hypersoft expert set respectively, such that if ¢; € € (8) then c;; € [0,1] otherwise cj; = x = 0, 


and if 

c € &o(6) 
then cj; € [0,1] otherwise c;; = x = 0 where cj; are the entries in tables 1 and 2. 
Step-(3-6) 


Table 3 presents dj= >>, ci; for Agree-fuzzy hypersoft expert set, fi= >>, cj for Disagree-fuzzy 
hypersoft expert set, g; = d; — f; for Agree-fuzzy hypersoft expert set, and n, for which p,= 
max pj; for Agree-fuzzy hypersoft expert set. 

Decision 


As gs is maximum, so category cs is preferred to be best for purchase. 


5. Conclusions 


Insufficiency of soft set, fuzzy soft set, soft expert set and fuzzy soft expert set for multi- 
attribute function (attribute-valued sets) is addressed with the development and characteriza- 


tion of novel hybrid structure i.e. fuzzy hypersoft expert set, in this study. Moreover 


(1) The fundamentals of fuzzy hypersoft expert set (FHSE-Set) are established and the 
basic properties of FHSE-Set like subset, superset, equal sets, not set, agree FHSE-Set 
and disagree FHSE-Set are described with examples. 
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TABLE 1. Agree-fuzzy hypersoft expert set 


C (6 I Gy a G7 7 67, EE 6/1, EE 

(ky, £1) 03 08 x O5 x x O2 O5 
(ky, E2) 08 x ™@“ O07 08 «x x 0.2 
(ki, E3) 0.7 x 08 06 01 05 03 0.2 
(ko, F1) 0.3 x O06 x O02 x ™ O01 
(ko, E2) 0.3 x 08 06 01 09 x O01 
(ke, Bs) 0.2 05 x O21 O01 0.7 x 09 
(ks, F1) 02 x ™@® 08 O1 x O09 x 

(k3, E2) 0.3 07 x ™«K O8 xK x O01 
(kg, E3) 05 x« O7 x O7 x x O01 
(ka, E1) 04 x é6’K xK xX xK O07 0.8 
(ka, E2) 05 «x ™@“ 08 09 x ™ O01 
(ka, E'3) 03 x ™@’® ™“K xX“ 0.7 09 0.7 
(ks, F1) 0.2 x 0.7 03 06 x O01 08 
(ks, Ez) 01 x xK O08 O08 O02 x 0.3 
(ks, E'3) 0.2 x 0.7 03 09 04 O1 08 
dj=>i,ce; 538 20 43 55 59 34 3.2 5.7 


d, dg d3 dys ds de dz dg 


TABLE 2. Disagree-fuzzy hypersoft expert set 


C Cc, C2 C3 C4 ChllCUCGCO—é«éU! 
(ki, F4) 03 x ™“ ™“K x“ 0.7 04 0.7 
(ky, E>) x 04 08 x x O07 O1 08 
(ki, E3) 0.2 x ™@®K ™K O08 K xX x 
(ke, £1) 0.1 0.7 x 08 04 05 x x 
(ko, E2) 03 x ™@’K XK XK K O02 x 
(ko, E3) 04 x 05 O01 08 09 02 x 
(kg, E1) 0.6 07 x ™“ x 08 x 0.9 
(kg, Ez) x ™“ 02 04 x 05 06 x 
(k3, E3) 02 x 07 08 O01 x O09 x 
(ka, FE) 0.2 06 0.7 09 O01 x O04 x 
(ka, E2) x 0.30.7 x x 0.5 O01 x 
(ka, Bs) 0.4 x 0.7 08 O1 x xK x 
(ks, E41) 06 x ™‘“ “KK x“ O07 x x 
(ks, Eg) 0.7 05 «x ‘© x O11 0.2 x 
(ks, E3) 0.2 x ™@® 038 «x O11 x x 
1 8s 4.2 32 43 36 18 55 3.1 24 


d, dag d3 ds ds dg dz dg 
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TABLE 3. Optimal 


d= 0; f= Vic 9 =a -fij 


dy =5.3 fi =42 gn =1.1 
dy = 2.0 fo =3.2 g2 = —1.0 
ds =4.3 fg =4.3 g3 = 0.0 
dy =5.5 fa =3.6 ga =1.9 
ds =5.9 fs =1.8 95 = 4.1 
dg = 3.4 fg =5.5 96 = —2.1 
dy = 3.2 fr =3.1 gr = 1.0 
dg =5.7 fg =2.4 gg = 3.3 


(2) The essential set-theoretic operations on FHSE-Set like complement, union, intersec- 
tion, OR and AND operations are established and some laws such as commutative, 
associative and De Morgan are presented with suitable examples. 

(3) A decision-making application regarding the best selection of a certain product is 
presented with the help of proposed algorithm. 

(4) A daily life based example is discussed for the understanding of decision making pro- 
cess. 

(5) Future work may include the extension of the presented work for other hypersoft-like 
hybrids i.e. intuitionistic fuzzy set, interval-valued fuzzy set, pythagorean fuzzy set, 


neutrosophic set etc. 
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